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3 MATERIALS AND METHODS 
 
3.1 Raw Materials 
3.1.1 Transported Liquid 
Deionised water which is obtained from the Chemical Engineering Laboratory of 
University Malaysia Pahang is used throughout this experiment.  
3.1.2 Chemicals 
Four types of nanopowders: Bismuth (III) oxide, Iron (II,III) oxide,  Titanium (IV) 
oxide and Silicon dioxide are chosen for this experimental work, which are provided 
by Sigma Aldrich, considering the hazards of the chemicals. Non hazardous 
chemicals are chosen since they are more environmental friendly and will not cause 
harm to other living things. Besides that, size and molecular weight of nanopowders 
are taking into consideration. The four types of nanopowders chosen are as shown in 
Table 3-1: 
Chemical Molecular 
weight (g/mol) 
Size(nm) Density 
(g/mL) 
Bismuth (III) oxide 465.96 90-210 0.5-1.1 
Iron (II,III) oxide 251.53 50-100 4.8-5.1 
Titanium(IV) oxide 79.87 <100 - 
Silica  60.08 200-300 0.037  
Table 3-1: The physical properties of nanopowder chosen 
3.2 Nanopowder solution preparation 
5 different concentration of each nanopowder solution were prepared ranging from 
100ppm to 500ppm. Nanopowder solution was initially prepared at the concentration 
of 500ppm by adding deionised water which will be homogenised in a vortex at 
500ml for a few seconds by magnetic stirrer. The solution was agitated on a moving 
table for 7 hours to achieve dispersion of the nanopowder without breaking the 
molecules. Before running experiment, the solution was then homogenised by 
magnetic stirrer at 100rpm for 2 hours. Dilutions were prepared from this solution by 
adding in deionised water and were stirred again for 2 hours at 100rpm[53]. 
 9 
3.3 Equipments 
3.3.1 Microchannels 
Different types of straight microchannels were used in this experiment to investigate 
the effect of size of microchannel on DR. Three topas straight microchannel with the 
width and depth of 50µm, 100µm and 200µm respectively and length of 58.5mm 
were used.  
3.3.2 Syringe Pump 
Syringe pump (model: SN-50F6) was used to pump the solution from the syringe into 
the microchannel by controlling the flow rate of the solution.  
 
Figure 3-1: Syringe pump 
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3.3.3 Pressure Transmitter 
Pressure transmitter (model: STK336) was connected by the tube to measure the 
pressure drop along the microchannel. 
 
Figure 3-2: Pressure Transmitter 
3.3.4 Microscope 
During the experiment, an inverted microscope (model: Zeiss HBO 50) was used with 
a camera connected to the microscope to record and capture the flow of the liquid in 
the microchannel. 
 
Figure 3-3: Microscope 
